To evaluate potential associations of impairments in physical function with motor vehicle crash involvement in older drivers. Methods: Case participants were randomly selected residents of Mobile County, Alabama, ≥ 65 years old who had sustained an at-fault motor vehicle crash in 1996. Similarly selected crash-free controls were frequency matched to cases on gender and age. Self-report data on demographic variables, medical conditions, medications, driving exposure, and function were collected by telephone interviewers. Results: Relative to crash-free subjects, crash-involved drivers were significantly more likely to report difficulty walking 1/4 mile and moving outdoors. Marginally significant associations were observed for trouble carrying a heavy object 100 yards and for the occurrence of falls in the prior year. Increasing numbers of functional limitations were directly related to the odds of crash involvement. Discussion: In comparison to crash-free controls, crash-involved older drivers are more likely to report other mobility-related impairments, possibly including falls. Impairments in functional status typically increase with age and are correlated with high rates of hospital admission, institutionalization, and death in affected elders
Mobility, defined as the ability to move purposefully through one's environment, can involve such diverse activities as turning in bed, transferring from lying to sitting or standing, walking, climbing stairs, getting to places out of walking distance, and driving a motor vehicle. Impairments in mobility adversely affect the independence of older adults and their ability to manage both basic self-care and instrumental activities of daily living (e.g., shopping and transportation; Judge et al., 1996; Nagi, 1976; Verbrugge & Jette, 1994) . The spectrum of complications due to impaired mobility can range from pressure sores and pneumonia in frail bed-bound subjects to motor vehicle crashes among older community-dwelling adults.
Retrospective and prospective studies consistently demonstrate strong positive associations between adverse driving events in older drivers and psychoactive medication use, chronic medical conditions, depression, and visual and cognitive dysfunction (Fitten et al., 1995; Foley, Wallace, & Eberhard, 1995; Johansson et al., 1996; Koepsell et al., 1994; Marottoli, Cooney, Wagner, Doucette, & Tinetti, 1994; Nevitt, Cummings, Kidd, & Black, 1989; Owsley et al., 1998; Sims, Owsley, Allman, Ball, & Smoot, 1998; Tinetti, Speechley, & Ginter, 1988) . With regard to physical function limitations, however, conflicting results have been reported (Foley, Wallace, & Eberhard; Marottoli et al.) . Whether an association between such impairments and motor vehicle crashes exists has important implications for those faced with assessing older drivers. The factors that contribute to crash involvement in older adult drivers are highly uncertain, and medical diagnoses alone have proven to be insensitive predictors of crash involvement (Owsley, 1997; Wallace & Retchin, 1992) . To address the question of whether vehicle crashes are associated with physical function and mobility limitations in older drivers, a population-based casecontrol study of Mobile County, Alabama, drivers aged 65 years and older was carried out and serves as the basis for this report.
Method
Data from a study originally designed to assess the relationship of diabetes mellitus and motor vehicle crashes was used for the analyses described in the current report. Details of this study are described in detail elsewhere (McGwin, Sims, Pulley, & Roseman, 1999) but are summarized here: All residents of Mobile County, Alabama, who were aged 65 years and older and possessed a valid driver's license were identified from data tapes supplied by the Alabama Department of Public Safety (DPS). Potentially eligible case subjects had sustained at least one motor vehicle crash between January 1, 1996, and December 31, 1996, according to the DPS data file. Telephone numbers were identified for 1,507 (80%) of 1,906 older adults who were known to have been involved in a crash in 1996. Of 560 randomly selected participants, 447 (79.8%) completed telephone interviews. Reports on police-investigated crashes, also obtained from the DPS, permitted a determination that 244 of these individuals were at least partially at fault for the crash in which they were involved as the driver; these at-fault, crash-involved elders constitute the case subjects for this analysis. In similar fashion, 613 crash-free controls were identified from the DPS files, and 475 (74.1%) were interviewed. Controls were frequency matched to cases on age and gender.
Trained telephone interviewers, masked to case-control status, collected self-report data on demographic variables, medical diagnoses, medications, driving habits, vision, and cognitive and functional states, using January 1, 1996, as a reference date. Interviews were carried out between January and March 1997. All subjects were screened with a telephone-validated version of the Short Portable Mental Status Questionnaire (SPMSQ) (Pfeiffer, 1975; Roccaforte, Burke, Bayer, & Wengl, 1994) . Frequency distributions were computed for self-report demographic, driving, medical diagnostic, and medication-related variables. Logistic regression was used to generate odds ratios (ORs) and 95% confidence intervals (CIs). Data were analyzed with and without subjects known to be cognitively impaired, as indicated by three or more errors on the SPMSQ, but no differences were observed. Table 1 presents the demographic and driving characteristics of the study participants. Although no significant differences were noted regarding age and gender, a larger proportion of African Americans were represented among the cases (23.0%) than the controls (16.8%).
Results
Compared to crash-free controls, crash-involved older drivers were 2.1 times (95% CI = 1.5-3.0) more likely to have experienced a crash in the 5 years preceding 1996 and to report driving more miles annually. The numbers of medical conditions and medications were not associated with vehicle crashes in this study. Table 2 presents self-reported physical impairments and their relationship to crash involvement. Following adjustment for potentially confounding factors, cases were more likely to report difficulty walking 1/4 mile (OR = 2.0, 95% CI = 1.2-3.6) and moving of doors (OR = 2.7, 95% CI = 1.1-7.0). Crash-involved elders were marginally more likely to describe falling in 1995 (OR = 1.5, 95% CI = 0.9-2.6) and to complain of trouble carrying a heavy object 100 yards (OR = 1.4, 95% CI = 0.9-2.1). Consistent with these findings, the odds of crash involvement increased directly with the numbers of functional limitations ( p for trend = 0.043).
Discussion
The findings from this study support the hypothesis that older drivers who have sustained a motor vehicle crash are more likely to report physical function limitations, particularly those associated with impaired mobility. Although generally fit, crash-involved subjects were more likely to describe difficulty walking 1/4 mile and moving out of doors than were controls. A marginally statistically significant association between crash involvement and falling was also observed.
Prior studies provide conflicting findings with regard to the relation of crash involvement and mobility impairments in older drivers. In a 1-year prospective observational study, Marottoli et al. (1994) 2.3 times greater relative risk of an automobile crash, a moving violation, or being stopped by police among seniors who at baseline described fewer blocks walked and more foot abnormalities. Other researchers reported a 40% increased odds (OR = 1.4, 95% CI = 0.9-2.4) of suffering a crash-related injury among older drivers with one or more falls in the prior year, a finding similar to ours (Koepsell et al., 1994) . On the other hand, Foley et al. (1995) found no association of incident vehicle crashes with inability to do heavy housework, walk .5 mile, climb stairs, or transfer from bed to chair in a large prospective cohort study of older rural drivers. (These conflicting results could relate to differences in methodology and study populations or to potential regional variations in traffic patterns-e.g., rural versus urban-driving habits, and function.) Although the relationship between the occurrence of falls and vehicle crashes is tentative, several studies document highly similar, if not identical, risk factors for falls and crashes in older adults (Fitten et al., 1995; Foley et al., 1995; Johansson et al., 1996; Koepsell et al., 1994; Marottoli et al., 1994; Nevitt et al., 1989; Owsley et al., 1998; Sims et al., 1998; Tinetti et al., 1988) . For example, sedative use, depression, and cognitive impairment have been implicated in these events Sims et al., 1998; Tinetti et al., 1998; Hemmelgarn, Suissa, Huang, Boivin, & Pinard, 1997; Fitten et al., 1995; Tinetti, Inouye, Gill, & Doucette, 1995) .
Mobility impairments in older adults predict subsequent disability and susceptibility to other geriatric syndromes. In a 4-year longitudinal study, Guralnik, Ferrucci, Simonsick, Salve, and Wallace (1995) observed high rates of incident disability in self-care and mobilityrelated activities among initially nondisabled seniors who scored in the lowest range of a physical performance battery. Tinetti et al. (1995) reported on the cooccurrence of falls, incontinence, and functional disability in a prospective cohort study of more than 1,000 community-living seniors. Shared risk factors for incontinence, falling, and functional dependence included slow timed chair stands, decreased arm strength, vision and hearing limitations, and the presence of either anxiety or depression. The observed relation between motor vehicle crashes, functional limitations, and falling is in concert with the findings of Tinetti et al.
Unlike in other publications on older driver crashes, case status in the current study was based on police-investigated crash reports, from which responsibility for the crashes could be ascertained. This attribute limited the effects of recall bias and misclassification on the findings of the current study. In addition, the availability of information on driving habits permitted adjustment for driving exposure (i.e., annual miles driven). Nevertheless, our results should be cautiously interpreted due to several limitations: The retrospective design limited our ability to adjust for all confounders and to evaluate for cause and effect (i.e., whether functional impairments preceded vehicle crashes). We also depended on self-report for information on the independent variables (McGwin et al., 1999) . This is a concern, in particular, for medical conditions of which cases and controls could have been unaware, medications, and alcohol, all of which have been shown in other studies to elevate crash risks in the general population. Therefore, we considered only the number of chronic diseases, rather than relying on specific diagnoses, and the number of medications. Alcohol consumption was not assessed, although prior work suggests that in comparison to younger adults, alcohol abuse contributes to far fewer crashes among older drivers. For roughly 20% of potentially eligible cases and controls, telephone numbers could not be identified, but information on age and gender from the DPS data tapes revealed that there were no meaningful differences with regard to these variables between subjects with and without telephone numbers. Nevertheless, we were unable to ascertain other information (i.e., driving behaviors, function, and other demographic variables) among elders without telephones. Although not all cases and controls agreed to participate in the study, the overall response rate was high and not significantly different among cases and controls. Data on age and gender support this observation, but it is possible that the prevalence of some medical diagnoses differed among participants and nonparticipants. Our findings were also limited to police-investigated crashes, which were more likely to involve injuries and property damage than crashes that did not involve the police. Although limiting the generalizability of our results, these more serious crashes are of greater public health relevance, as they are more likely to account for the substantial morbidity and mortality suffered by crash-involved older drivers. With regard to the quality of information provided by persons with possible cognitive impairment, analyses were carried out with and without data from these individuals. No significant differences in study outcomes were observed, possibly attributable to the fact that participants with clinically evident dementia stopped driving before 1996. Thus, the results of the current study are unlikely to be changed by these limitations. We speculate that a syndrome of impaired mobility, manifested by vehicle crashes, physical function impairments, and falls, exists among older adults.
